An index for the quantitative expression of short-period geomagnetic activity is being proposed. The index is based on the peak-to-peak range in 2 (or 2.5) min intervals, and is derived from amplitude-linear (fluxgate) instrumentation.
Introduction
Quantitative analysis of long-period fluctuations in the geomagnetic field ("variations") has been carried out for many years. The basic data used for such work were derived from a network of uniformly-instrumented observatories operating under rigid standards of reliability and accuracy, permitting reliable intercomparison between stations. The frequency response of the instrumentation was rigourously flat within the entire frequency band under consideration (DC to a few seconds period, although the sensitivity was usually inadequate for valid quantitative work at periods below about 100 sec), allowing these data to be processed with only minimal auxiliary information: a simple linear scale-factor. Indices characterizing the geomagnetic activity level can be derived from such data; these indices have been defined by international agreement, and have been collected and published for many years. Two types of indices can be defined: a) local or "raw" indices derived at each station, usually of a fairly simple type which can be derived with a minimum of skill and personal bias, such as for example the three-hour range K-indices, hourly ranges, daily character C-figures; b) "elaborated" indices, to use the terminology adopted by the International Association of Geomagnetism and Aeronomy (IAGA, 1970) ; these are derived from the "raw" indices from selected groups of observatories, and can be used as "diagnostic parameters" for various aspects of magnetospheric conditions. Among these is the well-known Kp index (Bartels, 1949) , the Km, Kn, KS indices (Mayaud, 1967) , the AE-index (Davis and Sugiura, 1966) , the Dst -index (Alcasof u, 1970) , and others.
Even without full acceptance of their physical meaning, such indices can be usefully applied to interdisciplinary studies such as for example intercomparison with cosmic ray measurements, VLF propagation, scintillations etc. Such data, particularly if available over long periods, can also provide information about temporal variations in activity level, such as for example diurnal, seasonal, or solar cycle periodicities. Such information can in turn lead to a much clearer understanding of the mechanisms responsible both for the variations themselves and for the superimposed variabilities. At a more elementary level, the "raw" indices from different stations can be intercompared to provide a great deal of "user-oriented" information, such as for example an estimate of the latitude-dependence of activity level which would facilitate planning of magnetic surveys. It is currently fashionable to deride the mass of routine data which is emerging from magnetic observatories, and there is in fact some valid basis for questioning the indefinite continuation of all such outputs. Nevertheless, the ready availability of these masses of standardized data have led to a very thorough description of the geomagnetic variations. For example, it is possible to plan field-surveys over continentalsize areas (such as geomagnetic depth-sounding arrays, or studies of auroral current systems) with a fairly secure knowledge of the expected spatial and temporal variabilities to be expected. This basic information is being taken for granted in the long-period variation range; "normal" trends can readily be defined quantitatively and "subtracted" from the data to leave only the remanent "anomalous" component which one wishes to study and interpret. Such basic indices are therefore a prerequisite rather than a substitute for specific research projects.
No such collection of basic and uniform quantitative data is as yet available on a global scale for the shorter-period geomagnetic fluctuations ("pulsations").
Since their amplitudes are considerably lower than those of the longer period "variations," the pulsations do not contribute significantly to the long-period indices such as K, C, etc., although there is some overlap. "Derived" indices based on short-period fluctuations are being used by several groups, mostly for specialized "diagnostics" of specific conditions of the magnetosphere (Troitskaya, 1967 (Troitskaya, , 1969 ; such indices are based on the occurence frequency and/or maximum amplitudes of certain types of pulsations within a specified interval. For example, the Kc3 index (Saito, 1964 (Saito, , 1965 ) is based on the maximum amplitude of Pc3 (10-45 sec period) pulsations within each 20-minute interval; on a daily for a higher-frequency range (0.2-2 sec period), based on the occurence frequency of such pulsations for each day. Such specialized indices are generally dependent on instrumentation response and to a lesser extent on personal bias in the measurement and derivation of the index.
A very useful and less specialized set of short-period indices is in use at the Furstenfeldbruck observatory (Aenheister and Consbruch, 1961 , and subsequent modification by Korschunow, 1966) ; these indices were based on the maximum amplitudes in each of seven octave bands (periods 3 to 480sec) within a 15-minute interval; a four-step scale was used for the amplitudes. Following a recent modification (Korschunow, 1969) , these indices are now derived within only four frequency bands (5-10, 10-45, 45-150, 150-450sec period) , but with improved amplitude resolution (10-step scale). The derivation is subjective; although the results are apparently reasonably reproducible for different operators, such uniformity can probably be obtained only under close instruction.
It is the purpose of this paper to examine the usefulness and validity of an even simpler activity index which could be derived objectively at each station without prohibitively time-consuming labour, and which could provide continuous coverage with high time scale resolution. This index, based on the peak-to-peak range within a specified time interval, does not differentiate between different frequencies. Clearly such a "shot-gun" index does not provide nearly as much specialized information as a multi-band set of indices such as those used by Korschunow (1969) ; it does on the other hand provide an objective, absolute-amplitude, index suitable for synoptic work. It covers broad-band as well as narrow-band activity equally well, with no distinction between (and no a priori assumptions about) "regular" and "irregular" pulsations; almost all frequency-dependent index derivation methods are bound to discriminate automatically in favour of narrow-band activity (i.e., clearly defined pulsations), at the expense of the equally valid broad-band activity where no nicely reproducible "mono-chromatic" events can be identified. In practice the bandwidth over which such a range index is valid is also limited, by instrumental response characteristics and by the derivation techniques. Specifically, by choosing a scaling interval of 2-3 min and a low-cut filter with 3db cut-off at 0.002cps, the contribution of periods above about 600 sec is virtually eliminated; at the short-period end, the sensitivity limitations of the amplitude-linear instrumentation ensure that fluctuations with periods below about 5 sec do not contribute significantly to the measured range.
This range index, which we have designated the "Pa-index", does therefore provide an average measure of activity in the band from 10 to 600sec period, i.e., the Pc2-Pc5 range of regular pulsations (see Jacobs et al., 1964, for definitions) as well as all types of irregular activity within this band.
It should be re-emphasized that such a simple index is not meant to replace the more sophisticated and complex indices, or studies of specific problems based on specialpurpose indices. This index is meant to supplement such work, by providing a body of basic background statistics against which the more specialized data can be considered. It is particularly important to know if a certain interesting feature one finds in one's results (either a temporal or a spatial "non-uniformity") is normal for the particular time and location, or whether it is an "anomalous" feature worthy of further study by more specialized techniques. A continuous index with adequately fine time-scale resolution, if it is suitably designed and easily reproducible, could provide such generalpurpose background data at any one location; "raw" indices from several stations can be combined to extend such background data for synoptic work.
A range index of this type, designated as "P-index", was proposed by Oshima (1960 Oshima ( , 1961 ; this P-index was based on the peak-to-peak amplitudes within 5-minute intervals, using a 10-step semilogarithmic scale similar to the K-index scale. The work on our Pa-index follows closely the suggestions and techniques of Oshima, but with a crucial difference in frequency coverage dictated by the differences in instrumentation: Oshima's work was carried out on induction magnetograms (i.e., linear in rate-of-change) whereas our data were derived from a fluxgate instrument (i.e., linear in amplitude). The frequency response of the induction instruments is described in the "Report of the Geomagnetic and Geoelectric Observations during the IGY" (publ. Kakioka Magnetic Observatory, 1960) ; it is linear in rate-of-change to about 8sec period, dropping off very sharply at shorter periods. This steep high-frequency roll-off means that the two indices are similar in as far as their lack of response to very short periods (<5sec) are concerned, but because of the rate-of-change response the P-index is heavily biased towards the shorter periods (Pc2-Pc3 range), with negligible contribution from the Pc5 range. This "prewhitening" can be advantageous, as it compensates to some extent for the inherent fall-off of amplitudes with decreasing period in the geomagnetic spectrum; in our system, the choice of a shorter scaling interval and the use of a low-cut filter serve the same function: to prevent large-amplitude long-period fluctuations from swamping the index. To summarize, both Oshima's P-index and our Pa-index are reasonably broadband, with short-period response extending to about 5 sec; the two indices provide roughly equivalent coverage in mid-band (about 20-50sec period i.e., including most of the Pc3 range), but the P-index is biased towards the shorter-period end, with significant contributions from periods as short as 5sec or less, and negligible contribution from periods above 100sec; the Pa-index is biased towards the longer-period end, with significant contribution from the Pc4-Pc5 range and negligible contribution from periods below about 5-10sec.
Instrumentation
The type of instrumentation used for the basic data has a crucial influence on the derived range index; if "observatory-quality" data are to be obtained, several basic requirements apply. The main requirement is amplitude uniformity over the entire frequency band of interest, and meaningful "absolute" calibration (with 1-2% stability) within this band. For some studies, such as for example timing, frequency-content analysis, or "event-counting," such linearity is not essential-a knowledge of the actual response curves is adequate, as non-linearities can be corrected in the processing. However, applying observatory standards to the range index means that: a) Data should be interchangeable between stations without elaborate response curves, just with a sensitivity (scale-factor) specification; b) indices from several stations can be intercompared or combined arithmetically without non-linear station corrections.
A second requirement is that the horizontal component (s) be measured, as these are least affected by the local geology. The vertical component is of course clearly un-suitable, as it can vary by as much as an order of magnitude according to local or regional geological conditions. Less obviously, the use of total-field instruments is also unfortunately unsuitable, at least for mid-or high-latitude stations, in spite of the fact that their linearity and fixed sensitivity would otherwise be ideal for this purpose. The dependence of the total-field amplitudes on local geology is not as drastic as for the vertical component, but nevertheless serious enough to preclude their use for world-wide intercomparisons (they are of course still ideal for single-station studies). For example, at network of stations would therefore not provide a meaningful pattern for the spatial distribution of activity level. By contrast, the horizontal components are not nearly as sensitive to local geological conditions, with amplitude effects of the order of 20-30% being observed only in the immediate vicinity of well-known discontinuities (for example at Gottingen: Voelker, 1963 ).
The particular instrument selected for this work is the three-component fluxgate (saturable core) magnetometer of Serson (1957) . This magnetometer has a fixed output of 10mV/gamma, with a gain stability of 1%; its attractiveness for "index" work lies in the fact that no gain adjustments are provided-the sensitivity is fixed, and data from several stations can be used with confidence without the need for frequent calibration checks or dependence on operator reliability and conscientiousness. Another factor in favour of this instrument is its ready availability. About 40 units of the original design were commercially manufactured, and many of these are presumably still in use or at least available at Universities and research laboratories. A transistorized version of this instrument (Trigg et al., 1971 ) is also currently in commercial production at moderate coat ($ 2800), with about 50 units already in use at various locations. These instruments could therefore provide the nucleus of a uniformly-instrumented network of stations for the derivation of activity indices. For example, Gupta et al. (1971) have used 2.5min ranges from such instruments located at several Canadian observatories.
Data obtained from other equivalent instrumentation could of course be used for this purpose, provided the sensitivity were adequate and the response linear over the frequency range of interest. Rapid-run photographic variometers which are in use at many observatories have generally inadequate sensitivity (0.5-1mm/gamma) for this type of work; about 5mm/gamma is required to provide the desirable 0.1-0.2 gamma resolution. Data from induction magnetographs could be used, provided amplitudelinearity over the desired range is obtained by suitably reliable techniques, such as for example electronic integration (Stefant, 1963) , the use of overdamped galvanometers (Serer, 1957) , or negative feedback (Clerc and Gilbert, 1964) . Such devices have a decided advantage over the fluxgate in that higher sensitivities can be reached, allowing "threshold" levels well below 0 .1gamma; their disadvantage lies in their complexity, but provided that they are used under observatory-type operational discipline (absolute calibration, frequency-response calibration, etc.) such data can be used compatibly for derivation of standard indices. Our own preference for this particular application is still for the much simpler fluxgate system. Finally, digital three-component data derived from total-field detectors with suitable bias coils would be fully compatible, provided the sampling rate is sufficiently high.
The fluxgate magnetometer (Serson, 1957) was modified in several minor points, primarily in order to reduce the noise level (DC to 1 cps) to below 0.2 gamma peak-topeak. The modifications included an improved power supply, the use of mercury cells to provide noise-free bias current, sharper tuning of the component amplifiers, and a more stable excitation oscillator. In fact the modified power supply alone provided most of the necessary improvement, with the remaining modifications providing only marginal further improvement. It was expected that some of these modifications (particularly the sharper tuning) would result in a deterioration of the long-term DC stability; in fact the DC performance remained unchanged (this factor is of course irrelevant from the point of view of the pulsation recordings, where the DC component is removed, but it is relevant for the case where the same instrument is used simultaneously for long-period recording as well). The output of the fluxgate is passed through a unity-gain single stage active filter (Fig. 1) ; the main purpose of the filter is the elimination of large "DC" changes (which can reach as much as 500-1000 gammas), in order to permit high-sensitivity recordings (say 10-20 gamma full-scale) in the pulsation range. The filter stage has a gain accuracy of 1% and gain stability of better than 0.1%. Excellent drift stability is obtained by use of a low-drift bipolar operational amplifier; an FET-type would have permitted use of larger resistance values, i.e., a reduction in cost through the use of smaller input capacitors for the same R1C1 time constant, but would have entailed significant output ance; at this low closed-loop gain these shunts do not significantly affect any other performance parameters. The use of plastic-film capacitors for the input stage has kept the DC gain of the stage (through the insulation resistance of this capacitor) to well below 1 0-4, keeping the high-sensitivity recordings on-scale even for large drifts of the fluxgate output. Overall, no adjustments of "zero" on either the filter or the strip-chart recorder were required throughout an entire year of operation, with the trace remaining on center-scale within 0.1-0.2 gamma.
Including the accuracy limitations of the strip-chart recorder (a 4-channel Offner Dynagraph type R), the entire system provides an accurately (3%) specifiable sensitivity (5, 10, or 20mm/gamma, depending on recorder settings) with long-term stability of the order of 1%-far in excess of the actual measurement accuracy of the Pa-index. The overall frequency response of the system (filter "A") is shown in Fig. 2 ; it is rigour- ously flat (1-2%) between 0.01 cps and 1cps, with 3 db points at 0.002cps and about 3cps. The low-frequency roll-of is controlled entirely by the values of precision components (metal film resistor R1 and plastic film capacitor C1) and remains accurately reproducible and stable within 0.5%. The high-frequency roll-off is controlled partly by stable filter components (C2 and R2) and partly by the response of the fluxgate detector itself; above about 2-3 cps the shape of the response curve is therefore not exactly reproducible or stable, but this is irrelevant in as far as the Pa-index derivation is concerned. Calibration checks were carried out at intervals, both for absolute sensitivity (by comparison to standard magnetograms for large-amplitude pulsations) and for relative frequency response (by Helmholtz coils surrounding the detector coils). The stripchart recorder sensitivity was checked separately, using the internal calibration, and was found to be stable within the detection accuracy of the measurements, i.e., 1-2%. No measurable changes in either sensitivity or frequency response of the entire system were noted throughout 2 years of operation, and in future such checks will be carried out only at very infrequent (say yearly) intervals.
Samples of recordings obtained from this system are shown in Fig. 3 ; the more clearly visible pulsations (periods 20-30sec on Fig. 3a , periods about 60sec on Fig. 3b ) are superimposed on longer-period fluctuations (few hundred seconds); it is the latter which would not be nearly as evident on induction-type recordings. The data were recorded at a basic sensitivity of 5mm/gamma (10 gamma full-scale on these charts) in all three components; in addition, a low-sensitivity channel (2.5mm/gamma, 20 gamma fullscale) was recorded for the D-component on which most of the Pa-index work was based.
Time marks were applied to marker pens on both sides of the chart, to permit easily alignment of measuring gauges. Hour marks were obtained from a crystal-controlled chrono-Hz output of the same crystal chronometer. The recorder was operated at a chart speed of 5mm/mm, providing 1 cm intervals for the 2-minute Pa-index.
Derivation of Index
We consider the basic requirements for a continuous index of this type to be as following: a) objective derivation, b) fully repeatable when scaled by different operators; this is of course a direct corollary of (a), c) derivable by unskilled personnel, without the need for an understanding of the scientific aspects, d) meaningful "absolute" levels, to permit quantitative combination of data from different locations; this implies derivation from horizontal components only, e) uniform and easily reproducible (i.e., wide-band linear) frequency response, again to permit combination of data from different stations, f) labour-time to be "reasonable." The definition of "reasonable" does of course depend on the resources of any particular group; for our own purposes we have defined this as less than one summer student assistant's "spare" time, which means in effect no more than about 1-2hr work to process each 24hr of record, g) the highest time-scale resolution which can be obtained within the limitations of (f) above, h) to be compatible with "automatic" techniques, i.e., an identical index should be derivable without manual scaling from available equipment, but preferably without excessive technological complications, Criteria (a), (b), (c) automatically eliminate any complex indices based on combinations of amplitude, frequency, and/or occurence density; these criteria do in fact restrict us to indices based on simple peak-to-peak amplitudes. Points (g) and (h) are also effective in the same direction; any indices based on "counts" or "occurence densities" of certain types of pulsations must necessarily be carried out over a long enough time interval to be statistically meaningful, and are therefore possible only for time units of the order of 10-15min or longer. Similarly, only peak-to-peak range indices with either linear or logarithmic scales can readily be obtained by automatic means: Computationally from digital data (provided they have very high time resolution), or electronically with relatively simple circuitry from the analogue outputs of magnetometers.
Criteria (d) and (e) have already been discussed in the previous section; once they have been applied to the choice of instrumentation, they need not be considered any further. The discussion in the following section is therefore reduced to two factors: 1) Time-scale resolution, in effect the question of trade-offs between the requirements of criteria (f) and (g); 2) amplitude-scale, in effect considerations of usefulness, applicability, and if possible physical meaning.
Time-scale. A limiting value for the scaling unit can easily be obtained from the application of the labour-time criterion: The shortest interval for which processing time could be kept within the "reasonable" range was found to be 2min. This interval has been used for most of the work in this paper; however, a 2.5-minute interval would perhaps have been a more logical choice for two reasons : Availability of other geophysical data at this resolution, and the fact that 24 values per hour can be more flexibly combined into averages (5, 10, 15, etc, min) than 30 values per hour. The 2.5-minute interval would probably be adopted in any final Pa-index specification; the techniques and results obtained for 2-minute ranges in this preliminary work would not be materially different.
One section of data (72 hr duration, selected for high disturbance levels) was processed at both 2-minute and 5-minute intervals, in order to check if the coarser time resolution would provide acceptable results. The processing time at 5-minute spacing was practically half that of the 2-minute ranges, i.e., a very significant saving of about 1-2 man/months per year. We have nevertheless opted for the 2 (or 2.5) min spacing, primarily on the principle that we should aim for the best resolution which we could "afford" . However, a secondary argument in favour of the shorter interval emerged from a comparison of the two separately processed data sets: Correlation between hourly averages of the Pa-indices and hourly ranges of standard (long-period) magnetograms was significantly higher for the 5-minute spacing. Although high correlation is generally considered "desirable" (for ex, as proof that the short-period and long-period activity have a common origin), in this particular case it is being interpreted as evidence that the two indices are not independent, i.e., there is overlap between the two parameters. This is not an unreasonable assumption; for example, a fluctuation with amplitude 20 gammas peak-to-peak and period 15 min(by no means an unusual variation during disturbed periods) would be attenuated to about 9 gammas peak-to-peak by the filter, which would still be sufficient to add as much as 7 gammas to a 5-minute range or 3.6 gammas to a 2-minute range; the enhancement of the hourly mean Pa caused by one complete cycle of such a fluctuation would be 1.3 and 0.6 gammas for 5 and 2 minute scaling, respectively. One way to reduce such overlap would be the use of stronger filtering, for example, a 2-stage filter with the characteristics identified as "B" on Fig.  2 . We have opted instead for the shorter scaling interval; apart from offering greater flexibility in usage, it makes the index less dependent on the exact shape of the longperiod roll-off; although this is not relevant for our own instrumentation where the frequency response can be accurately reproduced, it could become a significant consideration when combining data obtained from different instrumental systems.
Amplitude scale. Having decided on a 2 (or 2.5) minute time interval, considerations of amplitude scale for the peak-to-peak range offer two main alternatives: 1) A "fixed interval" step index, say 0-9, with a station-dependent Pa=9 limit based on the occurence frequency distribution by techniques similar to those used for K-indices; this alternative was chosen by Oshima (1960) for the P-index;
2) an open-ended amplitude range, say in units of 0.1 gammas, with either a linear or logarithmic scale. In order to decide between various alternatives, a section of 72 hr duration was scaled in different ways : Amplitude range in units of 0.1 gamma, linear step index, and semilogarithmic step index. These data sets were then processed and "manipulated" in various ways (for example correlation with hourly ranges or with K-indices, combination into various longer-interval averages or sums, etc.). Generally, very similar results were obtained from the simple range and from the semilogarithmic index, but the linear step index was found to be decidedly inadequate in resolving power. The straight range was found to be considerably more flexible than the step index when combining into "indices" over longer time intervals (say 20 , 30, 60 min); the average range over these intervals provided better resolution of detail than the sums of step indices. This factor would become even more apparent when combining data from several stations, as the validity becomes dependent on a correct and uniform choice of the Pa=9 levels.
Clearly, there are significant advantages in the use of a step-index; in particular, when processing open-ended amplitude ranges for limited data samples there is the risk that one very large value could "swamp" the average value. The final decision was nevertheless taken in favour of a straight range rather than a step index, on the fundamental grounds of "reversibility without loss of information": a step index can always be derived computationally from a continuous range, but the reverse cannot be achieved without severe loss of information. The main justification for use of a step index would therefore lie in a saving in manpower; careful tests have shown that this is not the case for this particular application, as scaling time was found to be virtually identical for both methods. The slight saving in time in writing down a single-digit index rather than a two-digit range is apparently insignificant, or perhaps cancelled out by a slight subconscious hesitation in deciding readings near the limit of a scale step. We have therefore opted for a peak-to-peak range in units of 0.1 gamma as the most suitable scale for the Pa-index.
To summarize, the adopted Pa-index is a straightforward peak-to-peak range, measured in units of 0.1 gamma, over a 2-minute (or 2.5-minute) interval. The data are scaled by use of a transparent gauge graduated in gammas at 5mm/gamma (the occasional readings scaled from the low-sensitivity channels are mentally multiplied by 2). The vertical marker lines on the gauge (1cm spacing) are aligned on the time marks which have been recorded on both sides of the chart, and the gauge can be slid along the chart with one hand while writing down the readings with the other. About once every hour (i.e., 30cm of chart), the chart is advanced to a new position on the reading table. The readings (one sheet per day-24 lines of 30 data points each) were subsequently transferred on to punched cards, using fifteen 3-digit (in 0.1 gamma units) numbers per card. With a 2.5-minute interval, each hour's data (24 Pa-indices) could be entered on one card, leaving 8 columns for identification of data and time. Readings of over 2 digits (i.e.,<9.9 gammas) are of course very rare at this latitude, but the three-digit field must be kept for the occasional larger value as well as for use at higher latitudes.
One further consideration is the choice of component. Ideally, both horizontal components should be processed; a comparison between the two indices could provide variability, and other temporal dependences. Because of time limitations, only one component has been fully processed in the current work. In order to verify that this is legitimate, a section of 5 days duration (3600 Pa-indices) was processed in both D and H. Correlation between the two data sets was consistently high (0.90-0.92), regardless of the time-scale unit used for the correlation-direct 2-minute ranges, half hourly averages, or hourly averages. The ratio between the two ranges also remained constant of diurnal variability derived from the 2 data sets were virtually indistinguishable, we have therefore concluded that use of one component is adequate for at least "coarse" work; however, for new stations it would be desirable that at least one section be processed as above for two components, in order to verify the absence of local distortions in polarization, and in order to "calibrate" the system by defining the dominant polarizaClearly, single-component. Pa-indices do not contain as much information as a twouse of two-component Pa-indices could add valuable information about the origins of these pulsations. However, we would suggest that the doubling of labour time involved in processing both components on a continuous basis is not justified for manually-scaled data (although it would of course be worthwhile for automatically-derived Pa-indices). Continuous coverage in one component can provide all the necessary "coarse" information on diurnal and longer-term variabilities; selected intervals processed in both components can then be used to define more specialized problems. For our work we have standardized on the D-component (magnetic east-west direction) for the Pa-index derivation. This choice was based on considerations of instrument design: since this direction lies in zero "DC" field strength, no compensating bias fields are required for the fluxgate sensor, thus removing a major source of noise and simplifying the design considerations. If only the D-component is used, an improved power supply is the only modification required on the fluxgate instrument of Serson (1957) , and no modifications would be required on the newer transistorized version (Trigg et al., 1971 ).
Examples of Applications
In order to help define the requirements for the Pa-index, several specific applications have been investigated. None of these have been followed deeply enough to produce valid scientific results; they are described mainly as examples of the types of data processing which are possible once Pa-indices become available on a continuous basis. Specifically, these examples were selected to show the flexibility with which the basic Pa-ranges can be combined into averages over various intervals (hourly, daily, monthly) according to the requirements of the particular study.
Storm-time variability
Nine SSC-type storms during 1962/63 have been analyzed, using a superimposedepoch method with the time of the sudden storm commencement (SSC) as origin. The results are illustrated in Fig. 4 . Figure 4a shows the hourly mean values of Pa for a 4-day interval centered on the SSC; Figure 4b is a plot of the direct Pa-indices, in effect a 30-fold expansion in horizontal scale over Fig. 4a . The drastic increase in activity level following the SSC is clearly evident on this expanded scale (Fig, 4b .) The fact that the first Pa value following the SSC is lower than the subsequent two values is presumably a result of the finite resolution: the 2-minute scale of the Pa-index precludes alignement between the exact times of SSC and the Pa interval boundary; some of the Pa indices in this first 2-minute interval do not encompass more than a fraction of the post-SSC period, resulting in the lower average value.
The following characteristics can be noted from an examination of Fig. 4 : a) On the expanded scale (Fig. 4b) , maximum activity level is maintained for the first 5-6 min following the SSC time, presumably reflecting the high-frequency content of the SSC fluctuation itself rather than additional pulsations. The activity level decreases sharply after this, remaining high and relatively constant for at least a further 2hr.
b) On the coarse time-scale (Fig. 4a) , the high activity level is shown to persist for about 3 hr past the SSC, remaining almost as high until about SSC+18hr.
The activity decreases rapidly beyond that, reaching "quiet" (i.e., pre-SSC) level at about SSC+24-36hr.
c) The above long-term decay of the short period storm time activity level is similar to that observed by Oshima (1961) , and also similar to the pattern of the long-period DSO variation. However, the observed peak in activity level over the first 2-3hr has not been reported in Oshima's work; our data sample is too limited to permit a determination of the causes for this apparent discrepancy, but it is most likely to be a result of the differences in frequency coverage between the P and Pa indices.
d) The increase in activity level at SSC-24-26hr which was noted by Oshima (1961) has not been observed in our data. The very slight increases observed in our data at SSC-36 hr and at SSC+38-40hr are not significant in view of the limited sample. The above example, even though based on a very limited sample, shows that highresolution activity indices can be used very flexibly to provide statistical information on storm-time variability in the short-period range. Such data can be used to support (or refute) various characteristics which have been derived by "event counting" techniques, such as for example possible pre-SSC activity increases, storm activity durations, and their subsequent decay patterns. At present, with data from a single station being obtained by laborious hand-processing, such manipulations on limited samples are perhaps only of academic interest. However, they do indicate the potential value of such methods if a uniform index is derived on a continuous basis at several stations, preferably in computer-compatible form.
Diurnal and longer-term variabilities
Hourly mean values of Pa have been averaged for "time-of-day" epochs. Figures  5a,b ,c show the plot of these averages as a function of time for the three months of Dec. 1961 , Jan. 1962 and Feb. 1962  Figure 5d shows the overall average for these three winter months. The data sets show very clearly the main peak in activity at 10-11LMT, as well as the low night-time activity level between 21 and 07LMT. A minor secondary peak at 02-03LMT is probably significant, as it is evident on each (a) DEC. 1961 (b) JAN. 1962 (c) FEB. 1962 (d) DEC. 1961 -FEB. 1962 Fig . 5 Diurnal variability of the Pa index for three winter months (Dec. 1961 -Feb. 1962 , plotted for each month separately (a, b, c) and for the combined data (d).
separate monthly set as well as on the average 3-months set. A similar data set, covering 25 days during the spring of 1965 (Apr. 16 to May 10), is shown in Fig. 6a . The seasonal effect on the diurnal variability is clearly evident from a comparison of the two data sets. The main day-time peak is considerably broader (08-11LMT) than for the winter months, and the overall daytime increase in activity level is similarly broadened. The secondary night-time peak occurs just before local midnight, but is not as clearly defined as during the winter months. sums of the local three-hour range (K) index are also plotted on the same graph; this index is a measure of the activity level in the "irregular" long-period variation range. The high correlation between these two indices supports the assumption that both shorter-period and longer-period fluctuations have a common origin, or are at least influenced by the same factors. However, it should be noted that for quiet or even moderately ing that the relation cannot be simply interpreted. For example, a comparison between the Pa indices and an equivalent plot of the long-period hourly mean values for the same period (Fig. 8 ) also shows high correlation; in particular, the peaks occur at the same hour. A similar correspondence has been noted by Gupta et at. (1971) at other observatories; these results were based on a comparison between 2,5-minute short-period DR. AULD and B. CANER (a) DEC. 1961 -FEB. 1962 (b) APR, 16-MAY 10, 1965 . ranges and long-period hourly ranges (which, unlike the K-index, are a measure of irregular long-period activity level as well as of the regular diurnal fluctuation). Very high correlation between diurnal variability plots of Pa-indices and long-period data (hourly mean values, hourly ranges) could therefore denote a combination of several effects-a common origin for the irregular variations in both the long-period and the short-period range, and/or differences in the propagation characteristics of the shortperiod fluctuations within the sunlit ionosphere, resulting in a diurnal variability of the amplitudes observed at ground level. Detailed interpretation must therefore be based on more sophisticated analysis, particularly on a separation of the different frequencies.
A comparison of the Pa scales between Fig. 5a and 6a shows a significant change in the overall average level between winter 1961 /62 and spring 1965-from 1.44 gamma for Dec. 1961 /Feb. 1962 to 0.72 gamma for April-May 1965. This longer-term variability is better illustrated in Fig. 7 , showing the plot of the daily average Pa against date. The large difference between the 1961/62 and 1965 data sets can unfortunately not be interpreted entirely in terms of either seasonal or longer-term (sun-spot cycle) variabilities: during 1963, several modifications were carried out on the instrumentation in order to reduce the noise level; consequently the lower Pa-level during 1965 could be at least partly caused by the reduction in instrumental noise level. The difference between Dec. 1961 and Feb. 1962 (1.16 to 1.55 gamma) could represent a genuine seasonal effect, but the sample is of course too limited for reliable conclusions. These figures are shown primarily to indicate the flexibility with which Pa indices can be combined to any required time-scale. Provided that the equipment remains "frozen" (as is the case for our system since 1964), such data can easily be used to define very long term variabilities such as seasonal or solar-cycle trends.
Conclusions
The derivation and use of a simple high-resolution activity index for short-period fluctuations has been shown to be feasible and potentially useful. The index is based on the output of readily available equipment, and can be standardized to permit combination of data from several stations; it is also sufficiently "stable" in absolute value to permit the study of long-term variabilities in micropulsation activity. The penalty for this "standardization" is a certain degree of over-simplification, in particular the lack of capability to distinguish between different frequencies. It is clear that such a simple index cannot replace the more sophisticated indices which are currently used for specific applications; rather, it is meant to supplement such specialized parameters.
At present, the index is laboriously derived by manual scaling; even though the processing time is not entirely prohibitive, we feel that at this stage continuous derivation at a single station is not justified. However, circuitry presently being designed will provide automatic output of the Pa values in digital form, and continuous coverage will then be available. Nevertheless, we would be very hesitant to proceed on our own with tabulations of yet another index which would not be used elsewhere, nor are we particularly dogmatic about rigid use of this particular index. The present paper is therefore to be considered mainly in the nature of a proposal which is now open for discussion. If a sufficient number of observatories can agree on the specifications for an index of this type, significant advances could be achieved in the quantitative characterization of short-period activity. At present only spectral information, and to a lesser degree timing information, are widely available in this field; valid amplitude information on a uniform global scale is almost entirely lacking. We feel that micropulsation research has now reached the stage where the latter can and should become available , and hope that this paper (as well as other papers with similar proposals) can provide a sound basis for the discussion of specifications for a standardized index .
